Gold Coated Block Copolymer Membranes with Precisely Controllable Pore Size for Molecule Separations  by Yu, H.Z. et al.
 Procedia Engineering  44 ( 2012 )  1639 – 1641 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.894 
(XURPHPEUDQH&RQIHUHQFH
>3@
*ROGFRDWHGEORFNFRSRO\PHUPHPEUDQHVZLWKSUHFLVHO\FRQWUROODEOHSRUHVL]HIRU
PROHFXOHVHSDUDWLRQV
+=<X;<4LX.93HLQHPDQQ
.LQJ$EGXOODK8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\6DXGL$UDELD
7KH QHHG WR SK\VLFDOO\ VHSDUDWH VLPLODUO\ VL]HG VROXWHV LV D XELTXLWRXV SUREOHP LQ ELRORJLFDO
UHVHDUFK DQG LQ WKH SURGXFWLRQ RI ELRPROHFXOHV DQG RWKHU QDQRSDUWLFOHV &RPSDUHG WR UHVLQ
EDVHG FKURPDWRJUDSK\PHPEUDQH VHSDUDWLRQV DUH VLPSOHUPRUH HQHUJ\ HIILFLHQW DQGPRUH
UHDGLO\VFDOHGEHWZHHQODERUDWRU\DQGLQGXVWU\7RFUHDWHLGHDOL]HGPHPEUDQHVIRUVL]HEDVHG
VHSDUDWLRQV UHVHDUFKHUV KDYH GHYHORSHG QDQRSRURXV PHPEUDQHV ZLWK ZHOOGHILQHG DQG
WXQDEOH SRUH VL]HV$OXPLQXPR[LGH DQG WUDFNHWFKHGPHPEUDQHV DUH FRPPHUFLDOO\ DYDLODEOH
H[DPSOHV EXW WKH SRUHV LQ WKHVH PHPEUDQHV DUH WRR ODUJH !QP IRU PDQ\ ELRORJLFDO
VHSDUDWLRQV6LOLFRQSDWWHUQLQJWHFKQLTXHVKDYHEHHQXVHGWRFUHDWHPHPEUDQHVZLWKXQLIRUP
QPZLGHSRUHVEXWWKHORZSRURVLW\aRIWKHVHPHPEUDQHVOLPLWWKHWUDQVSRUW8OWUDWKLQ
VLOLFRQPHPEUDQHVaQPZLWKGHILQHGSRUHVQPZHUHILUVWFUHDWHGXVLQJDQ LRQEHDP
GULOOLQJSURFHVVWKDWLVIDUWRRVORZIRUXSVFDOLQJ5HFHQWO\WUDFNHWFKLQJWHFKQRORJ\KDVEHHQ
DSSOLHGWR6L1PHPEUDQHVWRFUHDWHQPWKLFNPHPEUDQHVZLWKSRUHVL]HVWKDWFDQEHWXQHG
EHWZHHQQPDQGQPGHSHQGLQJRQWKHWLPHDOORWWHGWRHWFKLQJKRZHYHU WKLV WHFKQLTXH
IDFHVKLJKYROXPHPDQXIDFWXULQJFKDOOHQJHV

2QWKHRWKHUKDQGVHOIDVVHPEO\KDVEHHQFRQVLGHUHGDVRQHRIWKHPRVWLPSRUWDQWPHWKRGVWR
DFKLHYHQDQRVWUXFWXUHVRUQDQRREMHFWVZLWKZHOOGHILQHGVKDSHVVL]HVDQG ORQJUDQJHRUGHU
)RUPDWHULDOVVFLHQWLVWVEORFNFRSRO\PHUVDUHDPDWHULDORIFKRLFHIRUDFKLHYLQJQDQRVWUXFWXUHV
EDVHGRQPLFURSKDVHVHSDUDWLRQ6HOIDVVHPEO\RIDPSKLSKLOLFEORFNFRSRO\PHUVKDVDWWUDFWHG
DORWRIVFLHQWLILFLQWHUHVWRYHUWKHSDVWGHFDGH$PSKLSKLOLFEORFNFRSRO\PHUVFDQVHOIDVVHPEOH
LQWR ZHOOGHILQHG VXSUDPROHFXODU VWUXFWXUHV RQ D PHVRVFRSLF OHQJWK VFDOH EHWZHHQ WHQ DQG
VHYHUDO KXQGUHG QDQRPHWHUV 7KHQDQRPHWHU OHQJWK VFDOH RI SHULRGLF VWUXFWXUHV LV GLIILFXOW WR
DFKLHYHXVLQJRWKHUPDWHULDOVRUWHFKQLTXHV:KHQGLVVROYHGLQVHOHFWLYHVROYHQWVDPSKLSKLOLF
EORFN FRSRO\PHUVPD\ VHOIDVVHPEOH LQWR VSKHULFDO RU F\OLQGULFDOPLFHOOHV YHVLFOHV DQG RWKHU
VWUXFWXUHV$QHVSHFLDOO\DWWUDFWLYHDSSOLFDWLRQRIEORFNFRSRO\PHUVHOIDVVHPEO\LVWKHIRUPDWLRQ
RI LVRSRURXVPHPEUDQHV$PDMRUSUREOHP LQ WKLVSURFHVV LV WKH ODFNRIVXIILFLHQW ORQJUDQJH
RUGHUSUHFLVHO\FRQWUROODEOHSRUHVL]HDQGWKHGLIILFXOW\RIXSVFDOLQJGXHWRWKHWLPHFRQVXPLQJ
SUHSDUDWLRQVWHSV

+HUH DQ LQQRYDWLYH DQG VLPSOH PHWKRG ZDV XWLOL]HG WR IDEULFDWH DQ LQWHJUDO DV\PPHWULF
PHPEUDQHE\FRPELQLQJWKHVHOIDVVHPEO\RIDPSKLSKLOLFEORFNFRSRO\PHURISRO\VW\UHQHESRO\
YLQ\O S\ULGLQH 36E393 DQG QRQVROYHQWLQGXFHG SKDVH VHSDUDWLRQ 7KH SUHSDUDWLRQ
SURFHVVRIDV\PPHWULFILOPVFRQVLVWHGRIWKHIROORZLQJVWHSVFDVWLQJRIDȝPWKLFNILOP
RQDJODVVSODWHZLWKDGRFWRUEODGHVROYHQWHYDSRUDWLRQDWURRPWHPSHUDWXUHIRUW\SLFDOO\
V LPPHUVLRQ LQDQRQVROYHQWEDWKZDWHUDWURRPWHPSHUDWXUHDQGGU\LQJDWDPELHQW
FRQGLWLRQV 7KH UHVXOWLQJ ILOPV VKRZHG D QRQWUDQVSDUHQW ZKLWH FRORU DQG KDG DQ DYHUDJH
WKLFNQHVVRIȝP7KHSRO\PHUULFKSKDVH36EORFNVIRUPVWKHSRURXVPDWUL[ZKHUHDVWKH
SRO\PHUSRRUSKDVH393EORFNVJLYHVULVHWR WKHSRUHV7KHVWUXFWXUHFRPSULVHVDWRSWKLQ
OD\HUaQPH[KLELWLQJKLJKO\RUGHUHGF\OLQGULFDOSRUHVZLWKXQLIRUPVL]HSHUSHQGLFXODUWRWKH
VXUIDFHDWH[WUHPHO\KLJKGHQVLW\DQGDQRQRUGHUHGVSRQJHOLNHOD\HUEHQHDWK)LJXUH7KLV
DV\PPHWULFPRUSKRORJ\LVDGLUHFWFRQVHTXHQFHRIWKHFRPELQDWLRQRIWZRGLIIHUHQWSURFHVVWKH
FRQYHQWLRQDOQRQVROYHQWLQGXFHGSKDVHVHSDUDWLRQDQGWKHVHOIDVVHPEO\RIEORFNFRSRO\PHUV
7KHGLDPHWHURI WKHYHUWLFDOO\DOLJQHGF\OLQGHUVDW WKHPHPEUDQHVXUIDFH LVDSSUR[LPDWHO\
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3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQXQGHUUHVSRQVLELOLW\RIWKH(XURSHDQ0HPEUDQH6RFLHW\
QP7KHHIIHFWLYHSRUHGLDPHWHU LVVPDOOHUEHFDXVH WKHSRUHVDUH OLQHGZLWK3937KLVYHU\
IDVWRQHVWHSPDQXIDFWXUHRIPHPEUDQHFDQEHHDVLO\XSVFDOHG

7KHIUHHSDLURIHOHFWURQV LQ WKHQLWURJHQRI393FDQEHXVHGIRU WKHIRUPDWLRQRIPHWDOOL]HG
QDQRVWUXFWXUHV,WPD\FDSWXUHPHWDOLRQVVXFKDV$X7KHQLWURJHQPHWDOFRPSOH[HVLQPHWDO
QDQRVWUXFWXUHV FRXOG VHUYH DV QXFOHDWLRQ VLWHV WR SURGXFH VWDEOH FRDWLQJV DURXQG WKH
QDQRVWUXFWXUHV 7KHUHIRUH WKH 393 EORFNV LQVLGH WKH QDQRSRUHV KDYH WKH SRWHQWLDO WR EH
H[FHOOHQW WHPSODWHV IRU PHWDOOLF QDQRVWUXFWXUHV IRUPDWLRQ WR FRQWURO WKH SRUH VL]H %\ ZHW
HOHFWUROHVVSODWLQJURXWHVXQGHUDZLGHUDQJHRIFRQGLWLRQVWKHK\GURSKLOLFEORFNV393PD\
VHOHFWLYHO\IRUPDFRPSOH[ZLWKPHWDOLRQV7KH$XQDQRFOXVWHUVZHUHGHSRVLWHGDVDUHVXOWRI
D GLUHFW UHGR[ UHDFWLRQ RQ WKH ZDOOV RI WKH QDQRSRUHV 7KHUHIRUH WKH SRUH GLDPHWHU RI WKH
QDQRSRURXVPHPEUDQHVFRXOGEHZHOOFRQWUROOHGWKURXJKVXFKDVLPSOHZHWHOHFWUROHVVSODWLQJ
PHWKRGV7RIDEULFDWHWKH$XOD\HURQWKHVXUIDFHRIWKHSRUHZDOOVWKHPHPEUDQHVZHUHILUVW
LPPHUVHG LQ D VROXWLRQ RI $X $IWHUZDUGV WKH PHPEUDQHV ZHUH ULQVHG VHYHUDO WLPHV ZLWK
GLVWLOOHGZDWHUWRUHPRYHH[FHVV$XRQWKHVXUIDFHRIWKHPHPEUDQH7KHQ$XZDVUHGXFHG
E\WUHDWLQJZLWKUHGXFWLRQVROXWLRQ7KHWKLFNQHVVRI WKH$X OD\HUFDQEHYDULHGE\YDU\LQJWKH
SODWLQJWLPHRUWKHFRQFHQWUDWLRQRI$X:HFDQFOHDUO\VHHWKDWWKHSRUHGLDPHWHUGHFUHDVHG
DIWHU$XGHSRVLWLRQ)LJXUHE)LJXUHVKRZVVFDQQLQJHOHFWURQPLFURVFRS\6(0LPDJHVIRU
WKH WRS VXUIDFH RI WKH QDQRSRURXV PHPEUDQHV DIWHU $X GHSRVLWLRQ &\OLQGULFDO SRUHV ZLWK
GLIIHUHQWGLDPHWHUVZHUHXQLIRUPO\IRUPHGLQWKHQDQRSRURXVPHPEUDQHDVVKRZQLQ)LJXUH
7KH SRUH VL]H GHFUHDVHG ZLWK LQFUHDVLQJ WKH WKLFNQHVV RI WKH $X GHSRVLWLRQ OD\HU RQ WKH
PHPEUDQH$IWHUGHSRVLWLRQRIWKH$XOD\HURQWKHVXUIDFHRIWKHPHPEUDQHWKHSRUHGLDPHWHU
FDQEHUHGXFHGIURPQPWRQPDQGQPDVFDOFXODWHGEDVHGRQ6(0LPDJHV,WLV
ZRUWK WR QRWH WKDW WKH HIIHFWLYH SRUH GLDPHWHU LV VPDOOHU DV HVWLPDWHG IURP ZDWHU IORZ
H[SHULPHQW XVLQJ +DJHQ3RLVHXLOOH HTXDWLRQ 7KLV PHPEUDQH IRUPDWLRQ PHWKRG LQWHJUDWHV D
FODVVLFDO SURFHVVRISKDVHVHSDUDWLRQDQGDVLPSOHHOHFWUROHVVGHSRVLWLRQSURFHVVDQG LVXS
VFDODEOHIRU LQGXVWULDOPHPEUDQHFDVWLQJHTXLSPHQW7RH[DPLQHWKHSHUIRUPDQFHRIWKHEORFN
FRSRO\PHU PHPEUDQHV DIWHU $X GHSRVLWLRQ LQ VL]HH[FOXVLRQ VHSDUDWLRQV ZH DUH SHUIRUPLQJ
VHSDUDWLRQH[SHULPHQWVRQDSURWHLQVL]H ODGGHUFRQWDLQLQJVHYHUDOSURWHLQVZLWKGLIIHUHQWVL]H
DQG PROHFXODU ZHLJKW *LYHQ WKH KRXUVORQJ SDVVDJHWLPHV RI PROHFXOHV WKURXJK WKLFN
PHPEUDQHV WKH SURWHLQV ZLOO EH IRUFHG WR WKURXJK WKHPHPEUDQH LQ D FHQWULIXJH ZKLFK FDQ
HQKDQFHWKHVHSDUDWLRQHIILFLHQF\









)LJXUH6(0LPDJHVRIWKHFURVVVHFWLRQRIWKHPHPEUDQHVDEHIRUH$XGHSRVLWLRQEDIWHU
$XGHSRVLWLRQ7KHVFDOHEDUVUHSUHVHQWQP



  
 
1641 H.Z. Yu et al. /  Procedia Engineering  44 ( 2012 )  1639 – 1641 









)LJXUH6(0LPDJHVRIPHPEUDQHVZLWKGLIIHUHQWSRUHGLDPHWHUDIWHUJROGGHSRVLWLRQD
QP EQP FQP7KHVL]HZDVFDOFXODWHGEDVHGRQ6(0 LPDJHV7KHVFDOHEDUV
UHSUHVHQWQP
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